Abstract: This paper assesses the sustainability, efficiency and equity of water use in Latin America and the Caribbean (LAC) by means of a geographic Water Footprint Assessment (WFA). It aims to provide understanding of water use from both a production and consumption point of view. The study identifies priority basins and areas from the perspectives of blue water scarcity, water pollution and deforestation. Wheat, fodder crops and sugarcane are identified as priority products related to blue water scarcity. The domestic sector is the priority sector regarding water pollution from nitrogen. Soybean and pasture are priority products related to deforestation. We estimate that consumptive water use in crop production could be reduced by 37% and nitrogen-related water pollution by 44% if water footprints were reduced to certain specified benchmark levels. The average WF per consumer in the region is 28% larger than the global average and varies greatly, from 912 m 3 /year per capita in Nicaragua to 3468 m 3 /year in Bolivia. Ironically, the LAC region shows significant levels of undernourishment, although there is abundant water and food production in the region and substantial use of land and water for producing export crops like soybean.
Introduction
Latin America and the Caribbean (LAC) comprises 33 sovereign countries, recognized in the Community of Latin American and Caribbean States [1] , plus a number of islands which are small dependent territories. The sovereign countries cover an area of 20.5 million km 2 (15.2% of the world's total land surface) and had a population of 609 million inhabitants in the year 2012 (8.6% of the world population) [2] . The actual total renewable water resources of LAC are about 18.5 billion m 3 /year, which corresponds to 34% of the world resources [3] . LAC is therefore relatively well endowed with water resources. However, there are important regional differences. While countries like Guyana and Suriname had, in the year 2012, total renewable water resources of 318 × 10 /capita/year, respectively [3] . In 2011 agriculture accounted for 68% of the total freshwater withdrawal in LAC, whereas the industrial and domestic sectors accounted for 11% and 21%, respectively [2] . The relative abundance of water and remaining arable land in combination with global trade liberalization, have boosted LAC as an agricultural commodities exporter to the world market. Agricultural production increased by more than 50% from 2000 to 2012, with Brazil expanding production by more than 70%. Most food produced in LAC comes from rain-fed agriculture, which represents 87% of the total cropland area [4] .
Agricultural developments in LAC are desirable in order to improve the economic and social conditions of the region and increase food production for both LAC and the world, which in turn can contribute to alleviate pressures on the world's freshwater resources and food security. However, this must be done in a sustainable way, dealing with both changes in production processes and consumption behavior [5, 6] . Challenges include substantial differences in climate within the LAC region, different levels of economic development within and between countries, vast social inequalities, lack of appropriate accounting systems and transparency, and deficiencies in public administration and institutions that make implementation of policies challenging. For sustainable water allocation planning river basin managers must have access to accurate data on actual water availability per basin, taking into account basic human needs, environmental water requirements and the basin's ability to assimilate pollution.
In this paper, we carry out a geographic Water Footprint Assessment (WFA) to provide comprehensive insight regarding the state of freshwater appropriation in LAC river basins and the environmental, social and economic sustainability thereof. The goal of the paper is to understand current water allocation and pollution in LAC, assess the environmental sustainability, economic efficiency, and social equity of water use in the region and identify future challenges. We analyze the water footprint (WF) related to agricultural and industrial production and domestic water supply in the region, as well as virtual water trade with the rest of the world. We evaluate the environmental sustainability of the WF by comparing the blue WF to blue water availability per river basin, by evaluating the increasing use of land and green water resources for agriculture at the expense of natural vegetated areas, and by comparing grey WFs related to nitrogen and phosphorus to the assimilation capacity per river basin. We assess the efficiency of water use in LAC by comparing actual WFs of crop production to WF benchmarks, by analyzing economic water productivity of different crops and by estimating the export earnings per unit of water appropriated for production for export. Subsequently, we assess the equitability of water use within the LAC region by analyzing the differences in the WFs of consumers across the different countries in the region in relation to undernourishment. Finally, based on the outcome of the current study we identify pressing issues to be investigated in future work, which may use the results presented here as point of departure.
Method and Data
Green, blue and grey WFs have been estimated following the calculation framework as set out in The Water Footprint Assessment Manual [7] . The green and blue WFs refer to freshwater consumption (appropriation of rainwater and ground/surface water, respectively). The grey WF refers to the volume of water pollution, whereby we focus here on nitrogen. For assessing the sustainability, efficiency and equitability of water allocation and use we follow the three-pillar approach as proposed by Hoekstra [8, 9] , whereby WFs of production are compared to maximum sustainable WF levels by catchment, WFs of crop production are compared to certain WF benchmark levels, and average WFs per consumer per country are compared to a regional fair share.
The WF of production within a nation or geographic region is defined as the total freshwater volume consumed or polluted within the territory of the nation or region as a result of different economic activities (domestic water supply, agricultural and industrial production). In the current study, the LAC region includes the 33 countries recognized by CELAC plus 6 other island states recognized by FAO. Data on WFs of crop production in LAC were taken from Mekonnen and Hoekstra [10] , who estimated the global WF of crop production with a crop water use model at a 5 by 5 arc minute spatial resolution. The WFs of grazing and animal water supply per country were taken from Mekonnen and Hoekstra [11] . The national level data were mapped at 5 by 5 arc minute spatial resolution using the global livestock density obtained from FAO [12] .
Gross virtual-water flows are calculated by multiplying, per product, the trade volume with the WF per ton of product in the exporting nation. LAC's virtual water import and export related to trade in agricultural and industrial products were taken from Mekonnen and Hoekstra [13] .
In order to assess environmental sustainability of the WFs, we compared-per catchment-the blue WF to blue water availability [14] , i.e., the blue water scarcity and the nitrogen-and phosphorus-related grey WFs to the available assimilation capacity [15] , i.e., the water pollution level (WPL). Those data were the basis for the identification of priority basins and related priority products Furthermore, we analyzed the limitations to green water resources availability by looking at the conflict between increasing use of land and green water resources for agriculture and biodiversity conservation. Water use efficiency in the region was analyzed by considering economic water productivities of crops, calculated by dividing the producer price (US$/ton) by the WF of the product (m 3 /ton), per product category. Data on producer price per crop were obtained from FAO [16] . Additionally, we calculated the economic return of exported products by dividing the export value (US$/year) by the WF of the product (m 3 /year). Data on export values of agricultural and industrial products were taken from ITC [17] . We used the WF benchmarks for crop production from Mekonnen and Hoekstra [18] to identify the potential for water productivity increases per crop. Equity of water allocation was studied by comparing the average WF per capita across countries within the region and the world average and by correlating the WF per capita and the proportion of undernourished people per country. Data on undernourishment were obtained from FAO [19] .
The Green, Blue and Grey Water Footprint of Production
The total WF of national production in LAC in the period 1996-2005 was 1162 billion m 3 /year (87% green, 5% blue and 8% grey). Crop production contributed most (71%) to this total, followed by grazing (23%), domestic water supply (4%), industrial production (2%) and animal water supply (1%) ( Table 1) . The contribution of different crops to the total WF related to crop production is shown in Figure 1 . Maize and soybean contribute 18% each, followed by sugarcane (11%), fodder crops (7%) and coffee (7%). Wheat and rice are the other major crops, each having a 5% share of the total crop-related WF. Rice and sugar cane account for the largest share of the blue WF related to crop production, each accounting for 19%, followed by maize (6%) and wheat (5%). The WF of production per country is listed in Table A1 . Brazil is the country with the largest total WF within its territory, accounting for 41% of LAC's total WF. The other major countries in terms of their WF are Argentina (16%) and Mexico (13%). Regarding the blue WF, Mexico comes out at the top with 29% of the total blue WF, followed by Brazil (24%), Argentina (10%) and Peru (8%).
On average, 21% of the WF of production in LAC (246 billion m 3 /year) is not for domestic consumption, but for export (Table 1 ). In the agricultural sector, 22% of the total WF relates to production for export; in the industrial sector this is 16%. The largest share (97%) of the total WF for export comes from green water. Water footprint for export (billion m 3 /year)
Water footprint for export (% of total)
Data source: Mekonnen and Hoekstra [13] . The spatial distribution of the green, blue, grey and total WF of production in LAC is shown in Figure 2 . The WF in the twenty major river basins in LAC is presented in /year). About 50% of the total WF of production in LAC is located in these six river basins. The largest blue WF in LAC is also found in the Parana basin (10% of the blue WF within LAC). The Amazon, Santiago and Uruguay are the river basins with a comparably large blue WF, each contributing 4% to the total blue WF of production. Figure 2 . The green, blue, grey and total water footprints within Latin America and Caribbean (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . The data are shown in mm/year on a 5 by 5 arc minute grid. Data source: Mekonnen and Hoekstra [13] . 
Virtual Water Flows
LAC's gross virtual water export to the rest of the world related to agricultural and industrial products was 277 billion m 3 /year (88% green, 6% blue and 6% grey) in the period 1996-2005 ( Table 3) . The virtual water export was dominated by five major products contributing a little over three quarters of the total virtual water export from LAC to the rest of the world (Table 6 ). Soybean accounts for the largest share of virtual water export (36%), followed by coffee (14%), cotton (10%), livestock products (10%) and sugarcane (8%). The water footprint of these major export products was dominantly based on rainwater: soybean (99% green water), coffee (94%), cotton (62%), livestock products (92%) and sugarcane (87%). In total terms, LAC is a net virtual water exporter, with an average net virtual water export of 112 billion m Source: Own elaboration based on Mekonnen and Hoekstra [13] .
The gross virtual water import by LAC from the rest of the world related to import of agricultural and industrial products was 165 billion m 3 /year (63% green, 20% blue and 17% grey). The largest share of the virtual water import relates to import of cotton products (42%) (mainly from the US and Pakistan), followed by wheat (12%) (mainly from the US and Canada) and livestock products (11%) (mainly from the US). About 54% of the total virtual water imports goes to Mexico. It accounted for about 50% of the total virtual water import to LAC related to crop, 83% related to livestock, and 47% related to industrial products.
The major destinations of LAC's virtual water exports were the US (22%), China (8%), Germany (6%), Netherlands (5%), Italy (5%), and Spain, France and Russia 4% each (Table A2 ). The virtual water trade balance of countries trading with LAC together with the gross virtual water flows to and from LAC are shown in Figure 3 .
The international virtual water flows within LAC are small compared to the exchanges with the rest of the world. Most of the virtual water flows are related to crop products (88%). Virtual water flows related to trade in animal and industrial products contribute 9% and 3%, respectively. The virtual water flows within LAC are dominantly green water (88%), while blue and grey water contribute 5% and 7%, respectively. 
Environmental Sustainability of the WF in the Region

Blue Water Footprint versus Blue Water Availability
The expansion of irrigation in the LAC region, at an average annual rate of 250,000 hectares over the past five decades, reflects the economic importance of blue water resources in the region [22] . The total area equipped for irrigation in LAC is 15 million ha (c.f. world total: 308 million ha) and the area actually irrigated is 12 million ha (c.f. world total: 255 million ha) [23] . Areas of high irrigation density are located along the western coasts of Mexico and Peru, in central Chile, and in the growing areas along the border between Brazil and Uruguay. In addition, numerous other, smaller irrigation areas are spread across the LAC region. Areas predominantly irrigated with groundwater are found in a strip of about 500 km width and 2500 km length in Brazil and in the northeastern part of Argentina. In most regions of Southern America irrigation mainly depends on surface water. No water from nonconventional sources is used for irrigation [24] . Figure 4 shows the annual average monthly blue water scarcity in the LAC region at 30 × 30 arc minute resolution level, using data of Hoekstra and Mekonnen [25] for the ten-year period 1996-2005. Blue water scarcity is here defined as the ratio of the total blue WF to the blue water availability, thereby accounting for environmental flow requirements [7, 14] . The blue WF exceeds blue water availability mainly in Mexico, but also in parts of Central America, along the west coast of South America (Peru, Chile), along the north coast (Venezuela), in the northeast of Brazil and in the southern part of South America (Argentina).
A detailed analysis of the monthly data shows that three of the 77 river basins are facing year-round severe water scarcity. Those are the Yaqui River Basin in northwestern Mexico (76,000 km 2 , 651,000 people), the Loa River Basin, the main water course in the Atacama Desert in northern Chile (50,000 km 2 , 196,000 people) and the Conception River Basin in northern Mexico (26,000 km 2 , 193,000 people). In addition, 26 basins experience severe water scarcity at least one month per year (2,660,247 km 2 , 82 million people). Even though a large share of the blue WF of production in LAC is in the basins of the Parana (8%), Amazon (4%), Uruguay (4%) and Magdalena (3%), blue water scarcity in these basins is low throughout the year. Table 4 presents the ten river basins that have a share of blue WF above or equal to 0.4% and experience severe water scarcity at least one month in a year. For each river basin the major products (agricultural, industrial or domestic) are listed, based on their share of the total blue WF in each river basin.
The Santiago river basin (located in Mexico) not only has the largest blue WF, but also experiences severe water scarcity for five months in a year and moderate scarcity in one month. The Panuco river basin (also located in Mexico) is the second basin with a significant share of the blue WF and experiences a similar scarcity level. The major activities contributing to the blue WF in the basins of Santiago and Panuco are wheat, fodder crops, barley and maize, in competition with domestic water supply. The Colorado basin, located in Argentina and Chile, also has a large share of the blue WF and experiences severe scarcity for one and significant scarcity for two months in a year. Grapes and fodder crops are the major products contributing to the blue WF of that basin.
Our blue WF estimates do not include evaporation from artificial reservoirs, which could be substantial in the LAC region because hydropower generation is very extensive. The estimates also do not account for inter-basin water transfers. The blue WF and blue water scarcity assessment could be improved if we would account for the effect of dams and inter-basin water transfers on both the blue WF and blue water availability. 
Limitations to Land and Green Water Resources Availability
LAC is producing and supplying more and more food to other parts of the world using rainwater. Many parts of the region have abundant green water resources, which suggest that there is room for expansion of rain-fed agriculture. However, this "abundance of green water" is misleading, because a great part of the green water resources in the region is attached to forested lands. Claiming new land and associated green water resources for agriculture will be at the expense of natural vegetation. The economy of LAC is highly dependent on its rich biodiversity, yet it is increasingly under threat from human activities [26] . Although there are numerous biodiversity policies and measures in the region, collectively they do not effectively conserve its biological resources [27] .
Across the region, the agricultural sector makes significant contributions to GDP, export revenues, employment, and rural livelihoods. Argentina's and Brazil's growing shares of international agricultural markets are explained by the enormous growth in soybean production and exports from both countries between 1995 and 2011. During that period, soybean production increased by 198% in Brazil and by 287% in Argentina, while soybean exports increased by 329% in Brazil and 980% in Argentina [28] . Soybean export has a share of 36% of the total virtual water export from LAC to other countries of the world. The green WF of soybean production amounts to 99%. With an abundance of green water and hence favorable conditions for excellent agricultural production, in some of the basins in those countries blue water scarcity is low throughout the year. But it is important to note that drastic land-use changes are occurring in the region, which generally take place with little or no planning [29] .
The land area in LAC is about 2050 million, out of which 85% is already taken up by agricultural and forest area [16] . Given that the remaining area is partly built-up area and barren land, expansion of the agricultural sector has limits with respect to land availability. There is a trade-off between biodiversity conservation and food production. It must also be considered that some areas are difficult to use for agricultural production, such as high mountains or deserts.
It is not easy to determine the land that needs to be allocated to nature and biodiversity conservation. Myers [30] , Svancara et al. [31] and the Convention on Biological Diversity [32] point that at least 10%, and perhaps as much as 20%, of tropical moist forest needs to preserve biodiversity. Svancara et al. [31] show that proposed protection percentages in conservation assessments (30.6 percent ± 4.5 percent) and threshold analyses (41.6 percent ± 7.7 percent) are significantly greater than average policy-negotiated values (13.3 percent ± 2.7 percent). While the regions of Central America, the Caribbean and South America meet the 2010 conservation target of 10% protected terrestrial area (according to FAO [16] )-11.7% was protected in the Caribbean in 2010, 14.4% in Central America and 21.6% in South America-it must be questioned whether this is sufficient to conserve biodiversity. Figure 5 shows that in all LAC countries except Venezuela the biodiversity hotspot area were larger than the protected area in the year 2004. According to Butchart et al. [33] , the rate of biodiversity loss in the world does not slow down, despite increasing efforts and some local successes. [34] . A region must meet two strict criteria to be considered a hotspot: it must contain at least 1500 species of vascular plants (>0.5% of the world's total) as endemics, and it has to have lost at least 70% of its original habitat [35] . [36] . In the period 2000-2010, three of the ten countries with the largest annual net loss of forest area globally are in the LAC region: Brazil with −2,642,000 ha/year, or −0.49%, Bolivia with −290,000 ha/year or −0.49% and Venezuela with −288,000 ha/year or −0.60%.
Extensive grazing is one of the main causes of the rapid deforestation in the tropical rainforests of the region and will continue to expand mostly at the expense of forest cover ( Figure 6 ). Wassenaar et al. [37] project that, although there are substantial differences among countries, both concerning the spatial patterns of deforestation and the substitution trends between land uses, nearly two-thirds of the deforested land will be converted to pasture. Export-oriented industrial agriculture has become another main driver of South American forest and savannah removal. A large share of the deforested area is dedicated to large-scale production of soybeans and other feed crops driven by the sharp increase in global demand for livestock products [39, 40] . This increased demand for feed, combined with other factors, has triggered increased production and exports of soybean and other feed crops from Latin America, leading to extensive deforestation. Soybean and other feed crops are mainly exported to China and the European Union [41] .
In summary, the conversion of natural ecosystems into grazing lands and cropland are currently the main reasons for biodiversity loss and ecosystem degradation in the LAC region [36] . The destruction of large areas of tropic forests as well as of wooded grasslands of the Cerrado in South America due to unsustainable agricultural practices is of major concern [26, 27] . Given the need to protect remaining natural areas, there is little room for expansion of rain-fed agriculture. Also outside the forested lands there is little room for expansion. In the period 1996-2005, the combined agricultural and forest area accounted for 87% of the total land area in Central America, 81% in the Caribbean, and 84% in South America. Given that the remaining area is in part built-up area and barren land, additional land for agriculture is limited. Efficient use of the existing agricultural lands and associated green water resources is therefore crucial to increase total production. As pointed out by Molden et al. [42] , water productivities and yields in rain-fed agriculture can often be substantially improved through adequate management practices.
Grey Water Footprint Versus Assimilation Capacity
Pollution from nutrients is identified as one of the five main pressures on biodiversity in Latin America, which presents a generally rising trend [27] . Anthropogenic pollution due to nitrogen (N) and phosphorus (P) in LAC has been investigated here using the water pollution level (WPL) as defined by Hoekstra et al. [7] . WPL is the ratio of the total grey WF in an area (typically a watershed, catchment or river basin) to the runoff from the area. WPL values exceeding 1.0 imply that ambient water quality standards are violated. In large parts of LAC, WPLs for N and P are close to or higher than 1.0. In parts of Mexico, Central America, and along many regions of the coast of South America the pollution assimilation capacity of the rivers has been fully consumed (Figure 7) . Particularly high WPL levels are found in Mexico and in the south cone of Latin America.
Water pollution is partly related to lack of water treatment infrastructure and governance in the water sector. Although there is infrastructure to treat about 35%, only 20% of wastewater is effectively treated in LAC [43] . More than 70% of sewage is discharged into the nearest water bodies without any treatment, causing alarming water pollution problems [28] . In most river basins, the untreated wastewater from the domestic and industrial sectors accounts for the largest share of the total N-related grey WF (Table 5) . Throughout the LAC region, river basins and aquatic habitats are used as sinks for garbage, mining effluent, and industrial and agricultural waste. The region's heaviest polluter is Brazil-the country with the most abundant water resources. Smaling et al. [40] mention "massive use of pesticides" in the agricultural sector in Brazil. While large investments in wastewater treatment have been planned for large LAC cities such as Buenos Aires, Mexico City, Bogota, Lima, and São Paulo, they have been delayed for many years because of the lack of strong institutions and policy frameworks that are hindering effective implementation [43] . 
Water Use Efficiency in the Region
Total green and blue WFs and economic water productivity (US$/m 3 ) per crop category are shown in Figure 8 . Vegetables (mainly tomatoes, chili and peppers, and carrots) have the highest economic return per unit of water consumed (0.86 $/m 3 ). Tobacco and natural rubber have the second largest economic water productivity, followed by roots and tubers, which are key to prosperity in several countries of the region. Cereals and oil crops, accounting for the largest share of crop-related water consumption in the region (about 55%), have an economic water productivity of about 0.08 $/m 3 . LAC's total earnings related to export of agricultural and industrial products were US$ 315 billion per year (Table 6) , with an associated economic water productivity of about 1.14 US$/m 3 . Export gains associated with industrial products contributed about 79% to the total export earnings, with an average water productivity of 36 US$/m 3 . Among the agricultural export products, cotton has the highest return per unit of water used (0.58 US$/m Reallocation of water may improve the economic value of water use, but for further reaching conclusions on optimal crop choices, obviously other factors than water have to be taken into account.
By comparing the WF of crops in LAC with global benchmark values from Mekonnen and Hoekstra [18] we are able to identify the potential for increasing water productivities per crop. Figure 9 shows a comparison of the (production-weighted) average green-blue and grey WFs (m region are larger than the global benchmark values. This should be an incentive for the LAC countries to improve their water productivities in both rain-fed and irrigated agriculture. If all countries in LAC would reduce the green-blue WF of crop production to the level of the best 25th percentile of current global production, the water saving in LAC crop production would be about 37% compared to the reference water consumption. Furthermore, if every LAC country would reduce the nitrogen-related grey WFs in crop production to the level of the best 25th percentile of current global production, water pollution related to crop production in LAC would be reduced by 44% compared to the current situation. Table 6 . Top-10 products that account for large shares of Latin America and the Caribbean virtual water exports, export earnings and water productivity (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) Data sources: water footprints from Mekonnen and Hoekstra [10] and benchmark values from Mekonnen and Hoekstra [18] .
Equity of Water Allocation in the Region
The average WF of consumption in the LAC region was about 1769 m 3 /year per capita (83% green, 6% blue and 11% grey) over the period 1996-2005. The WF mostly comes from the consumption of agricultural products, which accounts for about 93% of the total WF. Domestic water supply and consumption of industrial products contribute 4.5% and 2.4%, respectively. Animal products account for the largest share (54%) of the WF related to consumption of agricultural products; cereal products account for 18%. The WF per capita in LAC is 28% above the global average WF, due to the combination of relatively high per capita consumption levels (particularly of meat) and larger WFs per ton of products consumed.
The WF of consumption ranges from 912 m 3 /year per capita in Nicaragua to 3468 m 3 /year per capita in Bolivia (Figure 10) . The large WF in Bolivia is mainly due to the relatively low water productivities of the livestock sector in the country, i.e., large WFs per ton of product consumed. The per capita consumption of meat in Bolivia is 0.8 times the LAC average, but the WF per ton of meat is four times the LAC average. The small per capita WFs in Nicaragua and Guatemala are the result of both the low level of consumption and the smaller WF per ton of consumed products. The per capita consumption of meat in Nicaragua is about one third of the LAC average and the WF per ton of meat is about 0.6 times the LAC average.
In order to assess the fairness of water allocation in the region, it would have been interesting to look at the WF variations within countries, but due to a lack of data we were not able to assess the WFs of different communities within a county. In order to address this limitation, we used the proportion of undernourished population as a proxy of the equity of water allocation within a country. Figure 11 shows the WF related to consumption of agricultural products and the proportion of undernourished population. Although there is no strong correlation between the size of the national WF per capita and the proportion of the undernourished population, countries with smaller average per capita WF tend to have a larger proportion of undernourished people. Since the WF of national consumption is a function of the volume of consumption and the WF per unit of the commodities consumed, a country with a large WF (e.g., Bolivia) may still have a relatively large proportion of undernourished people. Water footprint related to consumption of agricultural products (WF-agricultural) and proportion of population undernourished for Latin American and the Caribbean countries. Data sources: water footprints from Hoekstra and Mekonnen [43] and undernourishment data from FAO [19] .
The inequitable allocation of the limited water resources of the region to final consumers, combined with the increasing volumes of water used for producing export commodities, will not be sustainable in the long run. As discussed in the previous section, countries need to raise their water productivities in order to produce more with the limited available resources, so that there is more to share. In addition, however, one may need to explore the idea of "fair water footprint shares per community" as proposed by Hoekstra [8, 9] .
Conclusions
This is the first comprehensive study on WF, virtual water trade and related environmental, social and economic impacts in LAC. The study shows that the total WF of national production in LAC was 1162 billion m 3 /year in the period 1996-2005. Crop production contributed 71%, followed by grazing (23%). Five crops-maize, soybean, sugarcane, fodder crops and coffee-account for 61% of the total WF of crop production. About 21% of the WF within the region is related to production for export. The gross virtual water export of LAC to the rest of the world related to agricultural and industrial products was 277 billion m 3 /year. About 78% of this total virtual water export is related to export of soybean, coffee, cotton, livestock products and sugarcane, and most of it was destined to the EU (36%), the US (22%) and China (8%). Vegetables (mainly tomatoes, chili and peppers, and carrots) have the highest economic return per unit of water consumed (0.86 $/m 3 ). Cereals and oil crops, accounting for the largest share of the total green and blue WF (about 55%) related to crop production, give much lower economic returns.
Sustainability. Severe blue water scarcity was observed mainly in Mexico, in parts of Central America, along parts of the western and northern coasts of South America, in northeast Brazil and in large parts of Argentina. Three of the 77 river basins studied are facing year-round severe blue water scarcity. In addition, 26 basins experience severe blue water scarcity at least one month per year. Expanding irrigation in those basins is not an option. Given that the opportunities to expand rain-fed agriculture without further losses to natural areas and biodiversity are limited as well, efficient use of the available green water resources in existing agricultural areas is crucial. Making more efficient use of green water in rain-fed agriculture can also lessen the need for irrigated agriculture in the water-scarce parts of the region and thus contribute to the reduction of blue water scarcity in these watershort areas. Regarding water pollution, we find that pollution levels for nitrogen and phosphorus are close to or higher than 1.0 in large parts of LAC, forming a significant pressure on biodiversity in the region. Particularly high WPL levels are found in Mexico and in the southern half of South America.
Efficiency. We find that by reducing the green-blue WF of crop production to the level of the best 25th percentile of current global production, the water saving in LAC crop production would be about 37% compared to the reference water consumption. Furthermore, the water pollution related to crop production in LAC could be reduced by 44% compared to the current situation by improving the nitrogen-related grey water footprint in crop production to the level of the best 25th percentile of current global production.
Equitability. The study shows that allocation of water in the region is inequitable from a consumer point of view. The average WF per consumer in the region is 28% larger than the global average and varies greatly, from 912 m 3 /year per capita in Nicaragua to 3468 m 3 /year per capita in Bolivia. Ironically, the LAC region shows significant levels of undernourishment, although there is abundant water and food production in the region.
Priority basins and products. The study identified priority basins and areas from the perspectives of blue water scarcity, water pollution and deforestation. Per basin, priority products were listed. For the LAC region as a whole, we found that particularly wheat, fodder crops and sugarcane are priority products related to blue water scarcity. The domestic sector is the priority sector regarding water pollution from nitrogen. Soybean and pasture are the priority products related to deforestation. The WFs of the priority crops (soybean, wheat, fodder crops and sugarcane) are larger than the global benchmarks for both green-blue WF and the grey WF. Soybean, which contributes 18% to the crop-related WF in LAC and 36% to the total virtual water export from the region, has a very modest economic return per unit of water consumed (0.12 US$/m 3 ). Response. By linking priority products to localized unsustainable conditions in the region, the study provides a starting point for the determination of adequate response strategies and allocation of resources. An important response strategy could be to raise water productivity, particularly in rain-fed agriculture. As 87% of the total WF of production and 97% or the total WF for export comes from green water, it is clear that efficient use of the green water resources in existing rain-fed agriculture, rather than expanding agricultural lands, is crucial to increase production and at the same time conserve biodiversity. Furthermore, making more efficient use of green water in rain-fed agriculture can lessen the need for irrigated agriculture in the water-scarce parts of the region and thus contribute to the reduction of blue water scarcity in these water-short areas. There is ample room for improvements in water productivity and yields in rain-fed agriculture, which represents 87% of LAC's cropland [4, 41] . Improvement in agricultural practices and water management must come along with technical support to small farmers, engagement of river basin managers and policy makers, and good quality data at the river basin level. The current work points to hotspots that should receive particular attention. Another important response strategy could be to reduce nutrient-related water pollution and discharge of untreated water from the domestic sector. Nutrient pollution could also be reduced by optimizing fertilizer use while maintaining or even increasing land and water productivities.
Local water accounting and assessment-considering the environmental needs-are crucial to develop adequate response strategies. Sustainable water management and protection of the environment in Latin America and the Caribbean will not be achieved unless water and land resources are accounted and assessed comprehensively in the future. Mechanisms need to be adopted that constrain the exploitation of land and water resources within environmental thresholds and agricultural practices need to be developed that lead to more value (economic, environmental and social) per drop. Three issues stand out in particular (i) informed sustainable, efficient and equitable strategies to increase land and water productivities must be developed; (ii) the export growth potential, given environmental, social and economic sustainability constraints must be estimated; and (iii) the basic needs and quality of life of people must be improved by land and water allocation policy dedicated to this target. Source: Mekonnen and Hoekstra [13] . Source: Mekonnen and Hoekstra [13] .
